VO2 is a model material system which exhibits a metal to insulator transition at T = 67°C thus holds potential for future ultrafast storage. There is a controversy on whether the IMT in VO2 is purely electronic, or is driven by lattice distortions. However, the purely electronic process is more meaningful in ultrafast switching. We found a new electron-phonon pathway for a purely reversible electronic transition in a true bi-stable fashion under specific conditions. This finding will prompt the design of future ultrafast electro-resistive non-volatile memory devices.
I. INTRODUCTION
ptical bi-stability is a key property to achieve ultrafast logic memory and switching devices [1] [2] . It is typically obtained when two distinct but nearly degenerate electronic states coexist, and is controlled by some combination of electronic charge and spin, and their coupling to quantized lattice vibrations (phonons). Its application to binary data storage is determined by the transition and relaxation times between these electronic states.
Correlated electron systems offer various pathways of controlling material properties. For example, Vanadium dioxide (VO2) is an insulator with strong electron-phonon interactions and it undergoes a first order insulator-to-metal transition (IMT) at 340 K [3] . At higher temperatures, VO2 is metallic with the rutile structure (R), while it transforms to the monoclinic M1 phase and becomes insulating below the transition temperature.
IMT can be achieved on the ultrafast time scale upon laser excitation [4] [5] [6] [7] . However, bi-stability is normally not reached as the system undergoes a hysteresis. A key unanswered question is whether the IMT is driven by a pure electronic mechanism, as in the Mott transition, or if the Vanadium dimer pairing mechanism driven by Peierls distortions is responsible for the opening of the charge gap [8] [9] [10] . This is paramount for future applications, such as low consumption non-volatile memory devices.
II. RESULTS
We showed that a purely electronically driven transition does not occur for VO2 at the critical temperature. This concretely addresses a long-standing controversy on the role of phonons in the transition where the M1 phase of VO2 is a band insulator with a gap that is too large for pure many-body effects to stabilize a MIT without nuclear displacements. 
